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Most developing countries face the enor-
mous challenge of improving living stan-
dards against a backdrop ofserious environ-
mental and health problems. For instance,
because streams and rivers have been consid-
ered a convenient means ofdeaning and car-
rying wastes away from the discharge points,
most rivers in urban areas are highly loaded
with urban and industrial wastes (1,2).
According to the Pan American Health
Organization, less than 10% ofthe munici-
palities in Latin America treat sewage ade-
quately before emptying it into natural
watercourses, and wastewater treatment
plants and sewers for industrial effluents are
often not working or nonexistent (3). In
addition, pollution prevention, recycling,
and chemical safety programs are scarce or
nonexistent. As a result of these practices,
South Americapollutes nearly 11 times more
freshwater on a per capita basis than Europe
(3). The untreated wastewater dumped into
the rivers in many cases becomes part ofthe
water sources downstream.
The Reconquista River Valley is located
in the northern area of metropolitan
Buenos Aires. It extends 1.547 km2 and has
more than 3 million inhabitants. There are
also about 12,000 industries located in the
area, and therefore the major cause ofpollu-
tion is the high load ofurban and industrial
wastes poured into the river. The river used
to be dark-colored and bad smelling along
most of its extension; it is well known that
macroorganisms are alive only upstream. Its
flow varies between 69,000 and 1,700,000
m3/day in cases ofheavy rain (4-6).
Traditionally, the quality of liquid
effluent discharges entering head waters
and the river water itself has been con-
trolled by comparing physical and chemical
parameters with reference parameters and
priority pollutant lists. But such an analyti-
cal approach was recognized as unable to
protect the aquatic environment against
hazardous discharges (2). Regulatory
authorities worldwide are showing increas-
ing interest in usinglaboratory toxicity tests
to assess the quality of river waters. For
instance, the Organization for Economic
Cooperation and Development recom-
mended more than 10 years ago the adop-
tion oftoxicity testing as one factor in mak-
ing decisions aboutwater regulations (7,8).
Amphibians are useful indicators of
freshwater contamination (9-11). Embryos
of Bufo arenarum, a South American toad,
due to their high sensitivity to environ-
mental pollutants (12-15), could be very
useful for ecotoxicological studies and for
assessing the water quality needs ofwidlife
(16). On the other hand, it has been estab-
lished that there is a good predictive corre-
lation between embryo-larval tests for mea-
suring in-stream toxicity and estimating
chronic effects on aquatic biota (17).
These studies indicate a good predictive
correlation between embryo-larval survival
and independent ecological parameters,
especially species richness (r = 0.96) and
diversity (r= 0.93).
The pollution of rivers in developing
countries is usually not evaluated from an
ecotoxicological point of view. The main
purpose of this study was to generate, by
means of ecotoxicological data on the
Reconquista River basin, quantitative infor-
mation on the water quality that could be
used by the authorities as well as the general
public. The results of water quality assess-
ment at six sampling stations were com-
pared to the criteria maximum concentra-
tion (CMC) for whole effluent toxicity rec-
ommended by the U.S. EPA (17). Based on
susceptibility studies to toxicants in the
Reconquista River, performed in our labo-
ratory with three native species [a fish
(Cnesterodon decemmaculatus), a shrimp,
collected at Rl, our reference upstream
sampling station, and toad embryos (Bufo
arenarum)], this early-life toxicity test was
the most sensitive and appropriate for eval-
uating water quality at all sampling stations.
Here we focus on the results obtained with
Bufo arenarum embryos. In addition, an
overview ofthe presence ofmacroorganisms
(alive or dead) at the sampling stations is
reported.
Methods
We selected six sampling stations (Fig. 1):
reference point upstream close to Dique
Ruggero (RI), a reference point down-
stream within 100 m ofthe discharge ofthe
Reconquista River into the Lujan River
(R5), three sampling stations between RI
and R5 (R2, R3, and R4), and one sam-
pling station on a stream, Arroyo Moron
(AM), about 300 m from its discharge into
the Reconquista River. All sampling sta-
tions were located far away from industrial
or municipal discharge points. Surface
water was collected at each site near the
shore in June 1994. We used a manual
pump to collect 20 1 ofwater at a depth of
0.5 m, transported the water to the labora-
tory, and refrigerated it at 40C for process-
ing. At each sampling station, the presence
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Figure 1. Geographic localization ofthe Reconquista River basin showing the position ofthe sampling sta-
tions (Rl, R2, AM, R3, R4, and R5).
ofmacroorganisms was recorded by captur-
ing them with a net (diameter ofthe hole:
0.2 mm) and bydirect observation.
Ovulation of Bufo arenarum females
was induced by injecting a suspension ofa
homologous hypophysis. The oocytes were
fertilized in vitro with a sperm suspension
in 10% Holtfreter's solution (HS).
Embryos obtained from three couples of
parents were maintained in HS at 20 ±
2°C. Experiments were performed with
embryos at the following developmental
stages: stage 13 (gastrulae), stage 18 (neu-
romuscular activity), and stage 25 (com-
plete operculum) (18). Starting at these
stages, we conducted 7-day embryo-larval
survival and growth renewal toxicity test
using duplicate batches of 10 embryos
placed in 10-cm glass petri dishes contain-
ing 40 ml ofwater from each sampling sta-
tion. In the case ofembryos from the stage
13 and 18, in addition to survival, we
recorded malformations and anomalies
observed using a binocular estereoscopic
microscope. To obtain additional informa-
tion on the water quality in samples with
less toxic effects, the toxicity test performed
with embryos at stage 25 was extended up
to 14 days. For each sample, eight dilutions
ranging between 80% and 30% were pre-
pared using HS, and toxicity tests with
embryos were conducted with these con-
centrations simultaneously with the undi-
luted samples and with control embryos
maintained in HS solution. For dilutions,
we used HS, rather than water from the
reference sampling point, in accordance
with the procedures of FETAX (19), the
best-known standard method for develop-
mental toxicity tests with amphibians.
Conductivity was measured with a
Luftman C400 conductivity meter, and
pH was measured with a Luftman P300
pH meter. These measurements provided
information on the water quality needed
for the control solution in the toxicity test.
Intralaboratory quality control methods for
the toxicity test based on reference toxi-
cants were performed with cadmium, and
the minimum criteria of test acceptability
including the prercent coefficient of varia-
tion was conducted.
Results and Discussion
The biological integrity of the Reconquista
River was evaluated by the presence of
macroorganisms (alive or dead) at each sam-
pling station. At the upstream reference
sample station (RI), a large number of
shrimp were collected, while at R2, many
dead fish, an average of 10 within 10 m of
the shore, were counted. No living macroor-
ganisms were observed from this sampling
station downstream. These observations
indicate the high degradation of the water
quality in this ecosystem. There have been
some previous chemical, physical, and bio-
logical integrity studies on the Reconquista
River which also indicated the poor water
quality ofthis river. For instance, the river is
substantially anaerobic, with a mean ofbio-
logical oxygen demand ofapproximately 60
mg/I, varying between 30 mg/l and 100
mg/l (5). In addition, some data on ammo-
nia, hardness, pH, cations, and pollutants
like heavymetals and pesticides (5,6,20-22),
as well as a partial inventory ofthe biota, are
available (23).
Although most EPA chronic toxicity
tests have been shortened to 7 days by
focusing on the most sensitive life-cycle
stages (17), because our study is focused on
surface water toxicity and based on our
previous experience (24), we extended the
observations the stage 25 embryos up to 14
days. Due to the very poor water quality in
the Reconquista River, the 7-day toxicity
test was sufficient for most ofthe purposes
of this study. In Figure 2, the profile of
exposure-toxicity ofthe water from the six
sampling stations is shown. The concentra-
tion-exposure-response results obtained for
AM, which had the worst water quality of
the sampling stations, is shown in Figure 3.
These results illustrate the high sensitivity
ofthe amphibian embryo to the toxicity of
the river water. It is noteworthy that in a
previous study conducted in our laboratory
involving the early-life stage Bufo
arenarum, we found that, in the case ofcer-
tain leachates, up to 0.1% ofa dilution can
be detected (24).
Because toxicity involves an inverse rela-
tionship to effective concentration (EC; the
lower the EC the higher the toxicity), it is
helpful to translate concentration-based tox-
icity measurements into toxic units. The
number of toxic units was defined as 100
divided by the EC measured: in the case of
acute toxicity (TUa) = 100/LC50. for chron-
ic toxicity (TUe) = 100/no-observed effect
level (17). For whole (industrial) effluent,
EPA recommended a maximal value of 0.3
TUa and 1.0 TUc for the most sensitive of
at least three test species in both cases.
These values were used as references for all
the sampling stations studied. The toxicity
of the water from the Reconquista River
basin on Bufo arenarum embryos (stage 25),
expressed as TUa and TUc, is presented in
Figures 4 and 5. These data demonstrate
that the water sampled was about 10 times
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Figure 4. Ecotoxicity of Reconquista River basin maximal reference value; AM, Arroyo Mor6n
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Figure 6. Ecotoxicity of Reconquista River basin
expressed in reference chronic toxicity units. AM,
Arroyo Mor6n stream.
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ed and therefore does not survive in low
osmolarity conditions found in the lower
part ofthe river (the mixing zone with the
water ofLujan River). It is also noteworthy
that the test performed with Cnesterodon
decemmaculatusonly detected toxicitywith-
in 7 days for water obtained from AM, the
sampling station with highest pollution.
The difference in susceptibility between
fish and amphibian embryos was more
than one order ofmagnitude. These results
are in agreement with the high susceptibili-
ty of amphibians to xenobiotics
(13,14,29,30) support increasing concerns
about the decline of amphibian popula-
tions (9,10,31), which seems to be related
to the water quality needs ofwildlife partic-
ularly neglected for these species (16).
The primary objective of this study was
to evaluate the possibility of determining
pollution by using a relatively simple bioas-
say procedure performed with native species
and to identify the most appropriate test for
water quality-based toxicants evaluation
(control) for the Reconquista River ecosys-
tem. By focusing on the most sensitive life-
cycle stages, the duration of EPA chronic
toxicity tests for water quality-based toxi-
cants control has been shortened to 7 days
(17). Our study points out that although a
7-day toxicity test with Bufo arenarum
embryos seems to be appropriate for water
toxicity screening purposes, at least for the
high pollution found at most ofthe sampling
stations, it is worthwhile to extend the test to
14 days of exposure to detect toxicity levels
that could be significant for wildlife. In this
respect, ecotoxicological studies should be
customized and interpreted carefully to pro-
vide meaningful information (32).
River systems play key roles in ecologi-
cal interactions, and in the regulation and
maintenance of biodiversity in the land-
scape (33). These interactions include the
atmosphere and groundwater. Human
societies rely on functions of ecosystems
that are essential to the quality of human
life, including provision ofwater and food,
the decomposition of sewage, and the
replenishment of breatheable air (34).
Evaluations ofthe environmental impact of
human activities as well as strategies for
river conservation should be considered a
main priority for the environmental and
human health. The idea that rivers are a
convenient means ofcleaning and carrying
pollution away from the discharge point
should be urgently and properly reconsid-
ered worldwide in order to protect water
quality, ecosystems, and human health.
Our results support the use oftoxicity tests
with amphibian embryos, as they could
accurately indicate water quality for
wildlife protection purposes.
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